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AIRCRAFT REMOTE SENSING OF SOIL MOISTURE
AND HYDROLOGIC PARAMETERS

CHICKASHA, OKLA., AND RIESEL, TEX., 1978 DATA REPORT!
T.J. Jackson, T.J. Schmugge, G.C. Coleman, C. Richardson,

A. Chang, J. Wang, and E.T. Engman?

ABSTRACT

Experiments were conducted to evaluate aircraft renote sensing techniques
for hydrology in a wi de range of physiographic and climatic regions using
several sensor platforns. The data collected on May 1, 12, and 30, 1978, in
two semi arid areas-- Chickasha, Ckla., and Riesel, Tex., are reported. Soil
noi sture observations, climtic data, and the renote sensing data collected
using thermal infrared, passive mcrowave, and active m crowave systens are
reported.

INTRODUCTION

Cooperative investigations were conducted during May 1978 by the Nati onal
Aeronautics and Space Administration (NASA) and the U.S. Departnent of
Agriculture (USDA) as part of a project to evaluate renote sensing in
hydrol ogi c studies with primary enphasis on neasurenents. Participants in the
study were the NASA CGoddard Space Flight Center and the USDA- SEA- AR Hydr ol ogy
Laboratory, Southern Plains Watershed and Water Quality Laboratory and the
Grassl and, Soil, and Water Laboratory.

Experinments were planned to evaluate aircraft renote sensing techniques in
a wi de range of physiographic and climatic regions using several sensor
platforns. This report deals with ground observations and aircraft renote
sensi ng experinents conducted in two sem arid areas-- Chickasha, kla., and
Ri esel, Tex.

1/ Cooperative investigations of the Science and Educati on Admi ni stration,
U S. Department of Agriculture, and the National Aeronautics Space
Admi ni stration

2/ T.J. Jackson, Hydrologist, and E.T. Engman, Chief, USDA- SEA Hydr ol ogy
Lab, Beltsville, M. 20705. G C. Col eman, Hydraulic Engi neer, USDA- SEA,

Sout hern Pl ai ns Watershed and Water Quality Lab, Chickasha, kla. 73018.

C. Richardson, Agricultural Engi neer, USDA-SEA G assland, Soil and Water Lab,
Tenmpl e, Tex. 76501. T.J. Schmugge, Senior Scientist, A Chang and J. Wang,
Scientists, NASA Goddard Space Flight Center, Geenbelt, M. 20771.



EXPERIMENTAL DESIGN

General

Experiments were designed to collect renpote sensing data concurrent wth
ground observations of hydrologically significant paraneters and phenonena,
primarily soil noisture within several surface layers. An inportant feature
was the observations nade on intensively nonitored watersheds. In sone cases
t he wat ershed size was approxi mately the sane size as the sensor ground
resol ution el ement.

In 1978 three successful flights were made on May 1, 12 and 30, over the
test sites in Chickasha, Ckla., and R esel, Tex. The follow ng sections
descri be the ground sanpling procedures, general climatol ogical observations
and the renmpte sensing systens that were enpl oyed.

Ground Sampling Procedure

Chickasha. Okla., test site

The study sites and watersheds in Okl ahona were in the Washita River
Experi ment al \Watershed, Chickasha, area which is nonitored by the USDA- SEA- ARS
Sout hern Pl ai ns Watershed and Water Quality Laboratory. A general |ocation
map is shown in figure 1 and soil description given in table 1. Six
flightlines were flown on May 1, 12, and 30, 1978. Two different approaches
were used in soil noisture sanpling.

Along flightline 6, two rows of sanples were collected perpendicular to
the flightline at the indicated |ocations. Figure 2 illustrates the spacing
and | ayout of the eight points in the traverse noisture sanpling schene.
Sanpl es were obtained for the 0 to 2.5 cm 2.5to 5.0 cm and the 5.0 to 15.0
cmdepths. As shown in figure 1, each of these sites was located in proximty
to a recording raingage. Table 2 lists the soil types and the | and cover on
each date. On flightlines 1 to 5 the data collected were on watershed units
and soil noisture sanpl es obtained generally on a grid.

Flightline 1 included 5 cropland or C watersheds (fig. 3, A).
Descriptions of the |land cover on these watersheds are given in table 3. Soi
maps, sanpling points and topography are presented in the Appendi x. Soi
descriptions are presented in table 1

Flightlines 3 and 4 were flown over four rangel and or R watersheds
(figure 3, B). Descriptions of the land cover of the R watersheds are |isted
in table 3. Soil maps, sanpling sites and topography are presented in the
Appendi x. Soil descriptions are presented in table 1
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Table|.--Chickasha, Okla., soils descriptions

Internal Available
drainage? and water
Soil type  Depth! ~ Permeability® Location® capacity Slope Erosion
Percent
Aydelotte D M/SP UP No
silt loam
Bethany D M/SP UP 0.18t0 0. Otol No
silt loam
Cobb fine D M/MP UP 14 3to5 No
sandy loam
Dalesilt D M/MP FP 15t0.24 Oto1l No
loam
Grant Port D M/MP UP .15t0.20 Oto 12 No
complex
Kirkland D M/VSP UP .16t0.24 Oto1l No
silt loam
McLain D M/MSP FP .15t0.22 Oto1l No
silt loam
McLain D SIMSP FP Oto1l No
silty clay
loam
Milan D M/MP upP No
loam
Minco very D M/MP UP A4 3t08 No
fine sandy
loam
Pond Creek MD M/MP UP 12 1to3 Yes
silt loam
Port MD M/MP upP 14 1to3 No
silt loam
Quinlan- MD S/SP upP 14 5t012 No
Woodward
complex
Reinach D M/MP FP 13t0.24 Oto1l No
silt loam
Renfrow D SMP UP 15t0.24 2to5 Yes
silt loam
Teller D M/MP upP 1210.16 2to5 Yes
loam
Zaneis D M/SP UuP 11t0.20 2to5 Yes
loam

1/ Depth codes: D=deep, MD=moderately deep.

2/ Internal drainage codes: S=dow, M=moderate.

3/ Permeability codes: VSP=very dow, SP=slow, M SP=moderately slow,
MP=moderate.

4/ Location code: FP=floodplain, UP=uplands.
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Tabl e 2. --Chi ckasha, &l a.,

flightline 6 soil

types | and cover

Land cover on

Site Soi |l type May 1, 1978 May 12, 1978 May 30, 1978

R&0 Cobb fine Al falfa Al falfa Al falfa
sandy | oam

R&S3 Pond Creek Fal | ow Fal | ow Fal | ow
silt | oam

R&4 Tell er | oam Wheat Wheat Wheat

R&6 Port silt Past ure Past ure Past ure
| oam

RGE8 Grant Port Fal | ow Fal | ow Fal | ow
Conpl ex

Table 3.--C and R wat ershed | and cover,

Chi ckasha, d ka.

Land cover on --
Wt er shed
site May 1, 1978 May 12, 1978 May 30, 1978
C3 Fal | ow Fal | ow Fal | ow
A Fal | ow Fal | ow Fal | ow
c5 W nt er wheat W nt er wheat W nt er wheat
C6 W nt er wheat W nt er wheat W nt er wheat
Cc8 Al falfa Al falfa Fal | ow
R5 Vel | managed Vel | managed Vel | nmanaged
Past ure pasture pasture
R6 Vel | managed Vel | managed Vel | managed
pasture pasture pasture
R7 Poor |y managed Poor |y nmanaged Poor |y nmanaged
pasture pasture pasture
R8 Poor |y nmanaged Poor |y managed Poor |y managed

pasture

pasture

pasture
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Flightlines 2 and 5 were flown over a group of eight watersheds |ocated
near El Reno, kla., (fig. 4, A). These watersheds were all very small and
for the purposes of this study were conbined into two groups -- Fl and F2.
Al'l wat ersheds had a dense grass cover. Soils and sanpling sites are
presented in figure 4, A, soil descriptions in table 1. A topographic nmap of
the area is shown in figure 4, B

Al soil noisture sanples were wei ghed, oven-dried and wei ghed again to
determne their gravimetric soil noisture. Bulk density sanples from each
field (table 4) were then used to determine the volunetric soil moisture. Al
sanmples were collected within £ 2 hours of the overflight and stored in oven
cooki ng bags.

Table 4.--Bulk density of renote sensing soi
nmoi sture sites, Chickasha, la.

Site Bul k density
Gnl cm®
O R e R T L 1.6
O R T T 1.4
O e T T 1.5
& I e T 1.3
O T E 1.5
[ I L T 1.3
A e R R 1.3
R I L T 1.4
R R e 1.4
A e 1.5
S 1.5
RGBO ------mmmmmmm e 1.3
RGB3 - ---mmimm e m o 1.6
RGB4 - - - - o 1.3
RGB6 ------mmmmmmm o 1.4
RGB8 -----mmmmmm o 1.6
R A e 1.6

Qi matol ogi cal data were collected during the experinmental period as part
of the regular data collection program Table 5 presents the pan evaporation
dai ly maxi mum and mninum air tenperatures, and the daily rainfall at a nunber
of gages. The gage |ocations are shown in figures 1, 3, and 4.

Riesel, Tex., test site

The study site located in the central part of Texas near R esel was on an
experi mental watershed area operated by the USDA- SEA G assland, Soil, and
Wat er Laboratory. Fifteen sanpling sites were identified along a 9 km
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Tabl e 5.--Chickasha, Ckla., climtol ogical data

DAI LY
oAN TEMP RAI NFALL AT RAI NGAGE
DATE EVAP MAX MN 80 83 84 86 88 92 173 230 193 194 195 196 197 198 331 332 333 334
- M “DEG K-- e eeaeeaioiaao- 0.

41678 028 300 287 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ~ 0.00 0.00 0.00 0.00 0.00 0.00 0.00
41778 .63 303 283 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 00 00
41878 .66 300 280 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 00 00
41978 71 296 279 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 00 00
42078 41 290 276 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 00 00
42178 .63 295 277 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 00 00
42278 43 299 285 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 00 00
42378 43 299 276 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 00 00
42478 .56 298 282 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 00 00
42578 43 297 279 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 00 00
42678 .36 296 278 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 00 00
42778 .66 300 283 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 00 00
42878 .28 300 286 13 10 .15 .20 .18 51 .36 38 .25 .20 18 23 .25 25 .00 .00 00 00
42978 .20 303 288 .00 00 .00 1.70 .00 .03 .00 00 .00 .00 00 00 .00 00 .00 .00 00 00
43078 .20 302 289 .38 2.90 2.51 .00 97 36 .89 84 1.30 1.32 1.40 1.40 1.30 1.27 38 41 36 38
50178 .20 300 283 .00 00 .00 .00 00 00 .00 00 .00 .00 .00 .00 00 .00 00 .00 00 00
50278 .28 294 279 3.30 3.10 3.35 3.12 2.95 3.15 3.43 3.07 3.07 2.92 3.12 3.07 3.12 3.12 3.30 3.56 3.23 3.23
50378 .05 281 276 .15 05 .23 .08 .10 .25 .00 00 .05 .05 .05 .03 05 08 .20 .36 .38 .30
50478 .15 288 277 .10 13 .10 .05 .08 .15 .00 00 .05 .05 .03 .03 03 03 .00 .00 .00 .00
50578 .05 290 281 .05 13 .08 .23 13 .46 .46 51 .28 .25 .23 .25 .25 .25 .00 .00 .00 .00
50678 .18 293 287 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .53 .53 .53 .46
50778 .08 296 282 .00 00 .00 .00 .23 .10 .08 05 13 13 .18 .15 .15 13 .00 .00 .00 .00
50878 .30 298 280 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
50978 .28 298 279 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
51078 .30 300 282 .00 13 .25 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
51178 .61 307 290 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
51278 51 306 290 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
51378 .46 300 280 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
51478 .46 306 281 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
51578 .46 306 285 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
51678 51 303 285 .00 00 .00 .00 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00
51778 .30 298 288 .00 00 .00 .05 .00 .00 .00 00 .00 .00 .00 .00 .00 .00 .25 .00 .00 .00
51878 .20 306 288 1.93 2.31 2.16 .00 13 .00 .00 00 .15 .18 .10 .08 13 .15 .00 .00 .00 .00
51978 .30 306 290 1.12 1.88 1.22 1.02 1.65 .00 1.37 1.07 .00 .00 .00 .00 .00 .00 6.60 6.60 6.07 5.84
52078 .05 305 288 .53 1.68 1.57 2.67 2.08 2.87 2.62 2.49 2.44 2.26 2.21 2.03 2.18 2.31 63 .63 .61 .61
52178 .05 299 289 .18 .38 43 4.47 4.67 3.43 1.47 1.93 5.08 4.60 4.32 419 4.37 521 1.68 2.29 1.70 2.03
52278 43 303 290 .00 .00 .00 .00 .00 .00 00 00 .00 00 00 .00 00 .00 00 00 .00 00
52378 .56 304 290 .00 .00 .00 .00 .00 .00 00 00 .00 00 00 .00 00 .00 00 00 .00 00
52478 51 304 290 .00 .00 .00 .00 .00 .00 00 00 .00 00 00 .00 00 .00 00 00 .00 .00
52578 43 304 290 .00 .00 .00 .00 .00 .00 00 .00 .00 00 .00 .00 00 .00 .00 .00 .00 .00
52678 .56 304 289 1.52 2.34 2.34 1.78 1.60 2.03 1.88 1.70 1.90 1.90 2.03 1.88 1.90 1.98 1.35 1.50 1.37 1.37
52778 .00 300 288 8.18 11.73 9.17 5.23 7.75 10.62 8.43 8.05 9.83 9.27 9.47 9.27 9.60 9.65 9.78 10.62 9.80 9.91
52878 .00 297 286 03 38 53 30 38 53 .58 97 71 63 69 .76 43 .58 .30 .28 .30 .33
52978 .58 301 286 .00 .00 .00 .00 .00 00 .00 00 .00 00 00 .00 00 .00 .00 .00 .00 .00
53078 .56 304 289 00 00 00 00 00 00 .00 00 .00 00 00 .00 00 .00 .10 .08 .10 .10



flightline. A map of the study area (fig. 5) shows the |location of each sanpling site.
Flights were made on May 1, 12, and 30, 1978. Al sites were sanpled by using the
scheme illustrated in figure 2, which involved 8 sanples per site.

The | and cover varied from al nost bare soil to a very dense vegetative cover. Sone
sites experienced considerabl e vegetation growh between the first flight and the | ast
flight. The soils and vegetation on each site and for each flight date are presented
in table 6.

Along the flightline, the soils, characteristic of those in the Blackland Prairie
of Texas, are deep, dense, slowy perneable, montnorillonitic clays with pronounced
shrink-swell characteristics. General descriptions are given in table 7.

Gavimetric soil noisture sanples were obtained at each site within £ 2 hours of
the flight time on each of the three dates. At each location, soil sanples of 200 to
1,000 gmwere collected fromthe following depths: 0 to 2.5cm 2.5to5cm 5 to 10
cm and 10 to 15 cm Each sanple was placed in a plastic bag and sealed for |ater
wei ghi ng and anal ysis. The type and condition of the | and cover was recorded at each
| ocation. The soil tenperature at the 1 cmdepth was recorded at sel ected | ocations.

The soil sanples were wei ghed on the sane day they were obtai ned. Over the next
several days the sanples were ovendried, the dry weights obtained, and the gravinetric
wat er contents were conmputed. After the last flight date, soil bulk density sanples
wer e obtai ned by depths at each site. The bul k density for each site and each depth is
given in table 8. The bul k densities were used to convert the gravinetric water
contents to volunetric water contents.

Table 9 presents the pan evaporation, daily maxi nrum and m ni nrum t enperatures, and
the daily rainfall at each gage. The l|ocations of the raingages in the i nmedi ate area
of the sites are shown in figure 5.

Remote Sensing Systems

The NASA 929 (C-130B) aircraft was the sensor platformused in these experinents.
A nominal altitude of 305 m (1,000 ft) and a ground speed of 278 kil onmeters per hour,
kph, (150 knots) were chosen. The systens used were: Color infrared photography, a
nmodul ar mul ti spectral scanner, a thermal infrared radi oneter, nultifrequency m crowave
radi oneters, (a passive m crowave scanner and multifrequency active m crowave
scatteroneters).

Col or infrared photography was obtained by using a Zeiss 23 (9 in) canera with
Kodak 2443 film A 15 cm (6 in) focal length at the specified altitude resulted in a
nom nal scal e of approximately 1:2000 on products. Forward overlap of 10 percent was
used.
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Table 6.--Soil type and land cover by site, Riesdl, Tex., May 1, 12, and 30, 1978

Land cover on---

Site Soil Type May 1, 1978 May 12, 1978 May 30, 1978

1 Houston black clay Bermudagrass, 6 cm high, Bermudagrass, 10 to 15 cm high, Bermudagrass, 20 cm high,
dense cover dense cover dense cover

2 do. Hardingrass, 5 cm high, Hardingrass and Johnsongrass, Hardingrass and Johnsongrass,
very sparse stand 5to 10 cm, very sparse 30 to 40 cm, sparse stam

3 do. Grain sorgham, 15 cm high Grain sorgham, 30 cm high Grain sorgham, 50 to 60 cm high
planted in 90 cm rows

4 do. Pasture-Bermudagrass, 10 cm Pasture-Bermudagrass, 15to 20cm  Pasture-Bermudagrass, 20 cm
high high high

5 do. Kliengrass, 30 cm high Kliengrass, 30 to 60 cm high Kliengrass, 90 cm high, headed

6 do. Native grass meadow, 45 cm Native grass meadow, 30to 40 cm Native grass meadow, 30 to 50
high, very dense cover high, very dense cover cm high, very dense cover

7 do. Oats, 40 cm high, grazed Oats, 40 to 50 cm high, grazed Oats, harvested, stubble left

8 do. Grain sorgham, 15 cm high Grain sorgham, 30 to 40 cm high Grain sorgham, 50 to 60 cm high
planted in 90 cm rows

9 Houston clay Pasture-Bermudagrass, heavily Pasture-Bermudagrass, heavily Pasture-Bermudagrass, heavily
grazed, 4 cm high grazed, 5to 10 cm high grazed, 5 cm high

10 Catalpa clay Grass, 20 cm high under atree Grass, 40 to 50 cm high under atree  Grass, 40 to 60 cm high under a
canopy near a stream canopy near a stream tree canopy near a stream

11 Wilson clay loam Corn, 45 cm high Corn, 70 to 80 cm high Corn, 150 cm high

12 Burleson Houston clay Wheat, 90 cm high Wheat, 90 cm high, maturing Wheat, 90 cm high, matured

13 do. Wheat, 50 to 10 cm high, grazed  Wheat, 5 to 15 cm high, grazed Wheat, 5 cm high, grazed

14 Catalpa clay Forage sorgham, 15 cm high Forage sorgham, 20 to 40 cm high E_orﬁge sorgham, 60 to 90 cm

19
15 Burleson Houston clay Pasture, heavily grazed, grass, 15 Pasture, heavily grazed, grass, 20 cm  Pasture, heavily grazed, grass, 15

cm high

high

to 30 cm high




Table 7.--R esel9 Tex., soils descriptions.

I nt er nal Avai | abl e
Soi | type Depth  drainage-% and o wat er
Per neabi | i ty>™ Locati on™ capaci ty Sl ope Er osi on
Per cent
Bur | eson- D S/ VSP uP 0. 05 1to3 No
Houst on
cl ay
Cal al pa MD M SP FP Oto 1 No
cl ay
Houst on D S/ MP uP . 05-.08 l1to 4 No
Bl ack cl ay
Houst on VD S/ MP uP .05-.10 l1to 4 No
cl ay
W son D S/ VSP uP .05-.10 0tol No
clay | oam
YDepth codes: D=deep, MD=noderately deep.
Z)nternal drainage codes: S=slow, Mtnoderate.
3 permeability codes: VSP=very slow, SP=slow, MSP=noderately sl ow,
MP=noder at e.
4/ Locati on codes: FP=fl oodpl ai n, UP=upl ands.
Table 8.--Bulk density of soil sanples by depth, Riesel, Tex.
. Soil sanples collected at depth of--
Site O0to 2.5 cm 2.5to0 5 cm 5to 10 cm 10 to 15 cm
Gm/cm®

1 1.2 1.4 1.5 1.5
2 1.1 1.4 1.4 1.6
3 1.2 1.5 1.4 1.5
g ié 1.3 1.4 1.5
6 10 1.4 1.4 1.4
7 12 1.2 1.2 1.3
8 1.2 1.2 1.3 1.3
9 1.4 1.5 1.4 1.5
10 1.3 1.4 1.5 1.6
11 1.1 1.3 1.4 1.4
12 1.1 1.4 1.4 1.5
13 1.1 1.2 1.2 1.3
ig ig 1.2 1.2 1.3

' 1.4 1.4 1.6

1.7 1.6 1.6



Table 9. Riesel, Tex., climatol ogical data

PAN DAl LY TEMPERATURE RAI NFALL AT RAI NGAGE

DATE EVAPORATION M N MAX 5 20 26A 56A 69 69B 75A 89

- - CM - “o-DEG K--- e o
41678 0.71 298 289 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O0.00
41778 .74 299 289 -'13 .15 .10 .18 .15 . 15 .25 .20 . 18
41878 .13 298 284 .00 .00 .00 .00 .00 .00 CO .00 .00
41978 1.04 299 285 ;00 .00 .00 .00 .00 .00 .00 .00 .00
42078 .97 295 280 ;00 .00 .00 .00 .00 .00 .00 .00 .00
42178 .46 294 281 ;00 .00 .00 .00 .00 .00 .00 .00 .00
42278 .94 297 285 15 .08 .10 .13 .18 .25 .41 .36 .51
42378 .05 295 286 ;00 .00 .00 .00 .00 .00 .00 .00 .00
42478 .66 300 288 ;05 .15 .25 .25 .20 .15 .23 .20 .10
42578 .13 303 288 ;00 .00 .00 .00 .00 .00 .00 .00 .00
42678 1.30 296 281 ;00 .00 .00 .00 .00 .00 .00 .00 .00
42778 .43 296 287 ;00 .00 .00 .00 .00 .00 .00 .00 .00
42878 1.12 299 285 ;00 .00 .00 .00 .00 .00 .00 .00 .00
42978 1.04 300 289 ;00 .00 .00 .00 .00 .00 .00 .00 .00
43078 .46 300 292 ;00 .00 .00 .00 .00 .00 .00 .00 .00
50178 .66 302 292 79 .48 .00 .00 .00 .00 .00 .00 .00
50278 .69 301 288 2.01 2.59 2.26 2.18 2.08 1.90 2.57 2.03 2.06
50378 1.27 292 282 ;00 .00 .00 .00 .00 .00 .00 .00 .00
50478 .33 289 280 ;00 .00 .00 .00 .00 .00 .00 .00 .00
50578 .58 294 281 ;00 .00 .00 .00 .00 .00 .00 .00 .00
50678 .89 302 288 ;00 .00 .00 .00 .00 .00 .00 .00 .00
50778 .20 299 294 ;00 .00 .00 .00 .00 .00 .00 .00 .00
50878 .13 304 291 ;00 .00 .00 .00 .00 .00 .00 .00 .00
50978 .58 304 287 ;00 .00 .00 .00 .00 .00 .00 .00 .00
51078 .74 302 288 ;00 .00 .00 .00 .00 .00 .00 .00 .00
51178 .84 303 291 28 .20 .18 .71 .46 .36 .38 .30 .20
51278 .58 300 291 28 .25 .56 .76 .81 .76 .89 .76 .41
51378 1.47 306 286 ;00 .46 .81 .00 .00 .00 .00 .00 .00
51478 1.02 300 286 ;00 .00 .00 .00 .00 .00 .00 .00 .00
51572 1.09 304 288 ;00 .00 .00 .00 .00 .00 .00 .00 .00
51678 1.09 305 291 ;00 .00 .00 .00 .00 .00 .00 .00 .00
51778 .94 306 294 ;00 .00 .00 .00 .00 .00 .00 .00 .00
51878 .71 304 294 ;00 .00 .00 .00 .00 .00 .00 .00 .00
51978 .79 305 294 ;00 .00 .00 .00 .00 .00 .00 .00 .00
52078 .97 306 292 2.44 2.59 1.96 2.16 2.08 2.06 2.26 2.11 2.06
52178 .81 302 292 1.04 1.55 1.27 1.27 1.37 1.30 1.65 1.42 1.45
52278 .20 301 292 ;00 .00 .00 .00 .00 .00 .00 .00 .00
52378 .74 302 293 ;00 .00 .00 .00 .00 .00 .00 .00 .00
52478 .56 304 292 ;00 .00 .00 .00 .00 .00 .00 .00 .00
52578 .76 304 292 51 .30 .00 .00 .00 .00 .00 .00 .00
52678 .79 303 295 ;00 .00 .00 .00 .00 .00 .00 .00 .00
52778 1.40 305 294 ;00 .00 .00 .00 .00 .00 .00 .00 .00
52878 .76 304 294 ;00 .00 .00 .00 .00 .00 .00 .00 .00
52978 .53 304 292 ;00 .00 .00 .00 .00 .00 .00 OC .00



The nmodul ar mul ti spectral scanner (MVB) used on the NASA 929 senses visible and
infrared energy in 11 spectrometer channels or bands (table 10). The scanner has a
total field of view of 100° and an instantaneous field of view of 2.5 nrad
(mlliradians) for each band. This systemwas flown at an altitude of 610 m (2,000 ft)
at which the ground resol ution el ement was approximately 5 m (16 ft).

Tabl e 10.--Mdul ar nultispectral scanner
wavel engt h bands

Wavel engt h
Band Low Hi gh Peak Qut put
.............. w--------------
1 0. 419 0. 456 0. 442
2 458 . 500 481
3 502 . 545 522
4 546 . 583 563
5 584 . 621 598
6 622 662 641
7 662 . 701 682
8 703 . 747 727
9 770 . 863 789
10 959 1.039 981
14 8. 000 12. 080 8. 100

Thermal infrared radi oneter data were al so obtained by using a Barnes precision
radi ation thernmometer (PRT5) with a spectral range from8 to 14 microns. This is a
fixed beam sensor with a field view of 2°. The ground swath width at the flight
altitude was 24 m (79 ft).

The mul tifrequency m crowave radionmeter (MFMR) is a collection of 5 separate
radi oneters operating over the frequency range of from1l.414 to 37 GHz. The
characteristics of these radioneters are described in table 11. Since the L and C band
radi oneters shared a rotatable nount in the nose of the aircraft only one was usable at
a particular time. They al so operate through a dielectric radone which contributes to
the calibration problens for these radioneters. The three K band radi oneters operate
t hrough the open cargo door at the rear of the aircraft. The instruments are basically
Di eke radiometers in which the incomng radiation is conpared with internal reference
sources at known tenperatures to obtain the quantitative values of the brightness
tenperature of the incomng radiation

The swath widths listed in table 11 are for the 3 dB or half power points of the
antenna pattern. This neans for the L-Band systemat + 7.50 off from
the beam center the sensitivity is one-half that at the beamcenter. The first nulls or
mnimuns in the antenna pattern are generally 2.5 tines further out produci ng a beam
wi dth between nulls, called the main beam of 37.5° for



L-Band and 15° for the others. Generally over 90 percent of the energy received by the
radi oneter cones through the main beam and of that energy 60 to 65 percent is received
within the 3 dB points.

Table |1.--Passive m crowave sensor systens
Swat h width for

System Cent er Recei ver Ant enna 305 maltitude
designation frequency Wavel ength bandwi dt h beamni dt h 0° | ook 40° | ook

angl e angl e

GHz Cm MHz Degr ees M M

L band 1.41 21.00 27 15 75 120
C band 5. 00 6. 00 50 6 30 50
Ku band 18. 00 1.67 200 6 30 50
K band 22.00 1.35 200 6 30 50
Ka band 37.00 .81 200 6 30 50

Look angles of 0° and 40° were used for the C, L, and K band radi ometers. A forward
| ook angle was used for the C and L bands, and a backward | ook angle for the K bands.
Hori zontal and vertical polarization data were collected for the C and K bands and only
hori zontal polarization data for the L band.

The passive mcrowave inmagi ng system (PMS), a scanning radi oneter sensing at a 2.8
cm wavel engt h, consisted of three basic conponents: a phased array antenna, a beam
steering conputer, and the m crowave receivers for the horizontal and vertica
channel s. The antenna is a dual polarized, electrically scanned, phased array which
consists of 51 linear slotted wavegui de sections formng a 109 by 91 cm aperture. The
magni t udes of the resulting brightness tenperatures are determ ned by conparison wth
i nternal blackbodies at 323 K and 403 K

The data for the 2.8 cm scanning radi oneter were recorded at 44 beam positions for
each scan. The scan rate was adjusted to provide contiguous coverage, which for the
altitude and velocity of these flights was one scan per second. A backward | ook angle
of approximately 49.2° was used for this sensor. The ground resolution elenment is
approximately 21 by 34 m (69 by 112 ft).

During m ssions over Cklahoma and Texas, three scatteroneters were on the aircraft
operating at frequencies listed in table 12. Data for HH and HV pol ari zati ons were
avai | abl e. The scatteroneter antenna pattern is fan-shaped which covers the 0 range,
along the aircraft flight path of approximately 5° to 60° for the radar direction. The
scatteroneter receives the backscattered signal at all angles of incidence
simul taneously. As a result of the aircraft's forward notion, different Doppler
frequency shifts are introduced in the return signals for different incidence angles.



Table 12. --Scatteroneter frequencies

System
designation Frequency Wavel engt h
Gz Gm
C band 4.75 6.3
L band 1.60 18.9
P band .40 74.9

The ground spot sizes of the scatterneter data are processed to approximately 35 m
al ong track using the Doppler information for all three frequencies. The cross-track
resolution is mainly based on the beamwi dth for each individual instrunent. Wen the
aircraft altitude is 450 mthe crosstrack spot size is 50 mfor the C band, 70 mfor
the L band, and 110 mfor the P band.

Tabl e 13 sunmmari zes the systens and data collected. Additional details on data
preparati on and processing are presented in the next section.

Tabl e 13.--System run nunbers

Qperating during runs

System (1 ook angl e)
""""""""" Photography 123,45

PRT5 1,2,3,4,5

L band 2 (0°), 4(40°)

C band 3(0°), 5(40°)

K bands 2(0°), 3(0°), 4(40°, 5(40°)
PM S 2,3,4,5

Scatteroneters 1

DATA AND PROCESSING
Soil Moisture Observations

Gravimetric soil noistures were converted to percent by volume by using the bul k
density val ues. Samples collected within each site at each depth are summari zed in
table 14. If for sone reason renote sensing nmeasurenents were not obtained at a site or
if they were not reliable, the soil noisture data were not included in table 14.



Tabl e 14.--Soi |l . npi sture observations

VOLUMETRIC SO L MJ STURE (%
0 - 2.5 CM DEPTH 2.5 - 5 CMDEPTH 5 - 15 CM DEPTH

DATE SITE MEAN DEVI ATl ON MEAN DEVI ATl ON MEAN DEVI ATl ON

50178 (O] 0. 300 0. 032 0. 260 0. 033 0. 276 0. 032
50178 A - 306 . 045 . 272 . 035 . 280 . 038
50178 C5C6 . 283 . 041 . 250 . 039 . 149 . 042
50178 F1 . 236 . 066 . 152 . 031 . 136 . 038
50178 RG83 . 274 . 055 . 237 . 027 . 220 . 033
50178 RG38 . 267 . 033 . 206 . 032 . 129 . 038
50178 R5 . 307 . 059 . 243 . 050 . 156 . 041
50178 R6 . 319 . 046 . 258 . 041 . 169 . 040
50178 R7 . 284 . 043 . 232 . 051 . 191 . 058
50178 P8 . 323 . 070 . 274 . 055 . 203 . 061
50178 X 3 . 240 . 093 . 349 . 069 . 386 . 030
50178 X 4 . 175 . 027 . 238 . 024 . 279 . 019
51278 (O<] . 140 . 046 . 254 . 058 . 306 . 052
51278 A . 167 . 088 . 230 . 042 . 266 . 063
51278 C5C6 . 192 . 053 . 221 . 046 . 218 . 040
51278 F1 . 286 . 027 . 237 . 023 . 228 . 028
51278 F2 . 253 . 029 . 225 . 023 . 223 . 020
51278 RG83 . 042 . 009 . 105 . 025 . 135 . 029
51278 RG38 . 115 . 047 . 165 . 030 . 208 . 048
51278 R5 . 220 . 068 . 194 . 042 . 201 . 027
51278 R6 . 226 . 068 . 202 . 029 . 210 . 017
51278 R7 . 184 . 036 . 219 . 044 . 250 . 031
51278 R8 . 189 . 076 . 218 . 043 . 248 . 040
51278 X 3 . 159 . 047 . 348 . 045 . 392 . 017
51278 X 4 . 210 . 014 . 257 . 022 . 287 . 021
51278 X 8 239 . 021 . 343 . 034 . 367 . 029
51278 ™ 9 . 274 . 024 . 206 . 040 . 199 . 053
51278 TY10 . 280 . 056 . 222 . 057 . 208 . 053
51278 TX11 . 091 . 016 . 150 . 031 . 265 . 027
51278 TX12 . 112 . 019 . 134 . 016 . 128 . 016
51278 TX13 . 114 . 011 . 152 . 013 . 178 . 019
51278 TX15 . 182 . 025 . 212 . 019 . 225 . 011
53078 (O<] . 286 . 090 . 323 . 058 . 315 . 032
53078 A . 224 . 053 . 311 . 066 . 310 . 037
53078 C5C6 . 334 . 086 . 347 . 067 . 356 . 066
53078 F1 . 537 . 079 . 424 . 065 . 348 . 053
53078 F2 . 509 . 043 . 382 . 036 . 331 . 025
53078 RG83 . 264 . 132 . 224 . 053 . 223 . 035
53078 RG38 . 404 . 065 . 291 . 025 . 285 . 011
53078 R5 . 437 . 083 . 335 . 051 . 313 . 025
53078 R6 . 412 . 098 . 324 . 042 . 303 . 034
53078 R7 . 289 . 034 . 287 . 029 . 292 . 022
53078 R8 . 341 . 093 . 305 . 037 . 299 . 033
53078 X 3 . 220 . 019 . 362 . 035 . 358 . 026
53078 X 4 . 142 . 016 . 214 . 011 . 253 . 010
53078 X 8 116 . 028 . 287 . 050 . 339 . 059
53078 ™ 9 . 102 . 011 . 162 . 029 . 214 . 043
53078 TX10 . 133 . 056 . 168 . 061 . 180 . 057
53078 TY11 . 047 . 021 . 136 . 035 . 199 . 035
53078 TX12 . 065 . 018 . 142 . 048 . 201 . 027
53078 TX13 . 085 . 009 . 145 . 023 . 186 . 069

53078 TX15 . 157 . 029 . 214 . 027 . 214 . 017




Table 15.--NERDAS data

SAL LAB(BLD 15) CORRECTED CAMERA CORRELATION 18-APR-79 19:50:42

SCALE 2069.00 ZEISS1ROLL 2 LENGTH 6.00 FILM TY PE 2443 FILM SIZE9.5

COMMENTSWRITTEN ON TAPE : DPAR 379-077-2 TAPE #5279

AIRCRAFT 929 DATE 05/01/78 MISSION 379 SITE 184 FLT O1 LINE 01 RUN 2
TIME LAT LONG ALT TASHDGDRIFT ROLL PITCH GDSVTACC WDSWD< DTTG TTG CTD DTK TRK< FRAME

18:53:55.5 +34'59.4 -097'55.5 00,960 158 014.2 -03.1 +014 -00.2 149 +0.98 013 056 0006.4 0026 0005 0275 -000.3
18:54:00.5 +34'59.6 -097'55.4 00,980 159 014.2 -02.8 -01.7 +00.2 150 +0.98 012 051 0006.3 0025 000.5 027.5 +000.4
18:54:05.5 +34'59.9 -097'55.3 00,980 159 012.6 -02.2 -02.6 +00.1 150 +1.17 012 044 0006.1 0024 000.5 0275 -000.5
18:54:10.5 +35'00.0 -097'55.3 00,980 159 012.1 -02.0 +00.5 +00.1 150 +0.98 012 046 0005.8 002.3 000.4 0275 -001.6
18:54:15.5 +35'00.1 -097'55.2 01,020 159 012.0 -029 -00.9 -00.3 151 +1.19 013 050 00056 0022 000.3 0275 -001.8
18:54:20.5 +35'00.4 -097'55.2 01,050 159 013.4 -03.3 +01.3 +00.5 152 +1.19 013 062 00054 002.2 000.4 0275 -001.6
18:54:25.5 +35'00.6 -097'55.2 01,040 161 012.3 -02.4 +00.2 +00.4 151 +1.19 011 041 0005.1 002.0 000.4 027.5 -000.7
18:54:30.5 +35'00.9 -097'55.1 01,050 161 011.7 -00.8 +00.2 +00.4 150 +1.16 012 025 0005.0 002.0 000.5 027.5 -000.6
18:54:35.5 +35'01.1 -097'55.1 01 060 160 012.7 -01.8 +03.7 -00.2 150 +1.19 013 036 0004.8 0019 0004 027.5 -000.5
18:54:40.6 +35'01.3 -097'55.1 01,050 159 016.0 -03.4 -00.7 +00.2 150 +1.13 015 054 0004.6 001.8 000.5 027.5 +001.3
18:54:45.6 +35'01.5 -097'54.8 01,040 160 013.8 -02.1  -00.6 +01.1 149 +0.95 014 037 0004.3 001.8 000.3 027.5 +000.7
18:54:50.6 +35'01.6 -097'55.3 01,040 158 014.2 -031 -05.1 +00.5 148 +0.91 016 050 0004.2 001.7 000.5 027.5 +000.0
18:54:55.6 +35'01.9 -097'54.8 01,040 159 011.6 -01.9 +02.6 +00.9 149 +1.10 012 035 0004.0 001.6 000.4 0275 -0015
18:55:00.6 +35'02.1 -097'54.7 01,060 159 011.9 -01.9 -00.7 +00.2 147 +0.79 013 031 0003.7 0015 000.5 0275 -001.0
18:55:05.6 +35'02.3 -097'54.7 01,070 160 011.7 -028 -01.0 -00.1 148 +1.16 014 037 0003.5 0014 0005 0275 -001.5
18:55:10.6 +35'02.6 -097'54.7 01,060 159 012.1 -02.9 +015 -00.2 149 +0.98 013 046 0003.2 001.3 0005 027.5 -002.0
18:55:15.5 +35'02.7 -097'54.7 01,060 159 012.0 -02.3 +01.0 +00.1 149 +1.14 013 042 0003.2 001.3 000.5 0275 -0014
18:55:20.6 +35'02.9 -097'54.6 01,050 159 012.3 -02.0 +01.7 +00.2 150 +0.98 012 039 0003.0 001.2 000.4 0275 -001.0
18:55:25.6 +35'03.2 -097'54.6 01,050 159 013.5 -02.5 +00.5 +00.6 150 +0.95 012 050 0002.8 001.1 000.5 027.5 +000.0
18:55:30.6 +35'03.3 -097'54.5 01,040 158 013.5 -01.8 +00.8 +00.3 149 +0.95 013 040 0002.4 001.8 000.4 027.5 +000.6

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155



Remote Sensing Data

Five runs were nade on each of the flightlines on May 1, 1978. On May 12
and May 30, 1978, only runs 2 and 4 were nmade on flightline 6 at Chickasha,
Ol a. The aircraft encountered several problens in |ocating sone sites;
consequently, no renote sensing data were obtained. Al so, errors in judgnent
on the selection of test sites resulted in the deletion of sites.

Al data were preprocessed by the NASA Johnson Space Center and supplied
to the NASA Goddard Space Flight Center and the USDA- SEA- AR Hydr ol ogy
Laboratory for further processing. An inportant part of this additiona
processing was the tinme | ocation of sensor coverage of each site. This was
done by using the Navigational Engineering Recording Data Anal ysis System
(NERDAS) data which related photo center times to instrunment recording tines.
An exanpl e of the NERDAS data is shown in table 15. By locating the field or
site boundaries on the photos, the start and stop tinmes of sensor coverage
were determ ned. This section describes the procedures used for time |ocating
each sensor system and presents the sensor data.

Color infrared photography

NERDAS data included the frane center time for each photo as well as
di stortion paraneters, altitude and ground speed. Although constant altitude
and ground speed and zero distortion were desired, there were variations.
Di stortions were considered mnor and no correction was nade for these. Photo
scales for the 23 cm (9 in) products for various altitudes are listed in
tabl e 16.

Tabl e 16.--Photo scal e-altitude rel ationships

Al titude Scal e
M

2 AD e 1: 1600

275 m oo 1: 1800

305 - e 1: 2000

335 c it e 1: 2200



Modular multispectral scanner

The nodul ar mul ti spectial scanner (MV5) was operated only on May 30,
1978, over flightlines 1 and 3 at Chickasha, kla. at an altitude of 610 m
(2,000 ft). Raw data were only processed for flightline 1. Gray scal e i magery
for each of the channels is shown in figure 6.

Thermal Infrared radiometer

Data coll ected by the precision thermal radioneter (PRT5) sensor were
averaged for the time franes of sensor coverage. In nost cases several sets
of data collected during different runs were averaged for each site. Table 17
lists tenmperatures and soil tenperatures neasured by the ground observers in
the top 2.5 cm (1 in).

K band radiometers

Dat a obtained at 0° can be related to the photos by using the photo
center tines, altitudes, and ground speeds listed on the NERDAS printout, not
the photo clock tinmes. To determine the tinme frane of 0° coverage of a
particul ar |ine-run-site-day conbination, the NERDAS printout for the |ine,
run and day is used to identify the filmroll. The franes that cover the site
are then |l ocated and the photo distance fromthe starting photo center to the
begi nning of the site is measured. Next, the distance fromthe | ast photo
center to the end of the site is neasured. Distances neasured in the flight
direction are positive and distances in the opposite direction are negative.

Photo center tines of the first and | ast coverage frames as well as the
altitude and ground speed are determ ned. For each of the franes the ground
speed in neters per second is conputed. Next, the scale of each photo is
determined. This is the conversion fromcentinmeters to neters and is conputed
by dividing the altitude in neters by the focal length in centinmeters. In
this case the focal length is 15.25 cm (6 in).

The start and stop times are then determined by nultiplying the scale
factor in mcmby the distance in centinmeters nmeasured off the photo and then
di viding by the ground speed in msec. This correction is applied to the
photo center tine. Typical values are listed in table 18.

In order to use the 40° | ook angle data, a tine correction nmust be
applied to the start and stop-degree tinmes determ ned foll ow ng the
zero-degree procedure. This is necessary because the sensor covers the
| ocation on a photo after the camera does. The system geonetry is shown in
figure 7, A The distance behind the NASA 929 plane is called S and depends
on the altitude (H) as described in the follow ng equation

S=0.8391 * H
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Tabl e 17.--Tenperature observations

SA L PRTS

DATE SITE TEMPERATURE TEMPERATURE

----- DEG K-----
50178 c3 293.6 296.7
50178 A 291.9 296. 8
50178 C5C6 296. 2 295.2
50178 F1 290.9 289.5
50178 RG83 295.5 291.6
50178 RG88 300. 2 294.9
50178 R5 293. 4 298.3
50178 P6 295. 4 298.7
50178 R7 295.3 294.6
50178 R8 295.1 294.5
50178 ™X 3 300.0 ---
50178 X 4 291.0 ---
51278 c3 296.9 299.0
51278 A 296. 8 300. 2
51278 C5C6 294.7 296.0
51278 F1 292. 4 ---
51278 F2 293.6 ---
51278 FG83 295.8 299.0
51278 RG88 298.7 299. 4
51278 R5 294.5 301.6
51278 R6 295.6 302.0
51278 F7 297.3 300. 5
51278 R8 295.8 301. 4
51278 ™X 3 307.0 313.3
51278 X 4 307.0 313.0
51278 T™X 8 307.0 310.9
51278 ™X 9 307.0 307.6
51278 TX10 307.0 309.0
51278 TX11 307.0 309.7
51278 TX12 307.0 309. 6
51278 TX13 307.0 311.2
51278 TX15 307.0 311.3
53078 3 302.8 302.0
53078 A 302.1 303.6
53078 C5C6 304.5 306. 6
5307B F1 297. 4 301.9
53078 F2 297.6 302.5
53078 RG83 302. 4 300. 3
53078 RG88 304.7 300. 3
53078 R5 302. 2 305.1
53078 R6 301.7 305.5
53078 R7 304.1 305.9
53078 R8 302.6 305.1
53078 Tx 3 307.0 309. 4
53078 X 4 304.0 314.0
53078 X 8 307.0 309. 6
53078 ™X 9 304.0 314.6
53078 TX10 300.0 309.5
53078 TX11 300. 0 310. 4
53078 TX12 304.0 314.9
53078 TX13 300.0 314.9
53078 TX15 300.0 314.0
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Figure 7.--Radiometer 40 degree look angle geometry: A, K band; B, C and L
bands.
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Table 18.--Tine corrections for correlati on of NERDAS and canera
time data at O degree | ook angl es

Ati- Time correction factors for ground speeds
t ude 224 kph 245 kph 261 kph 280 kph 299 kph

| Sec/cm-----------oo----
245 0. 26 0.24 0.22 0.21 0. 19
275 .29 .27 .25 .23 .22
305 .32 .30 .28 . 26 .24
335 .36 .33 .31 .28 .27
365 . 39 .36 .33 .31 .29

The tine correction DTis conputed by using S and the plane's
ground speed as foll ows:

km m 1 sec (2)
DT=Sm)/(G ( --- ) * 1000 (----) * - [ )
hr km 3600 hr

Typical values are listed in table 19. The correction is added to

t he NERDAS determined start and stop tines. Average radioneter

bri ght ness tenperatures and standard devi ations for each site are
obt ai ned using a NASA program Site average brightness tenperatures
for the K-band are listed in tables 20, 21, and 22.

Table 19.--Time corrections for 40° | ook angl es

Ati- Time corrections for ground speeds

t ude S 205 kph 224 kph 243 kph 280 kph 299 kph
M M e SEC -
245 205 3.62 3.32 3.06 2.84 2.65
275 230 4. 07 3.73 3.44 3.20 2.98
305 256 4.52 4.15 3.83 3.55 3.32
335 282 4. 97 4.56 4.21 3.91 3.65

365 307 5. 43 4. 97 4.59 4.26 3.98



Table 20. -- Ka band radiometer data

BRIGHTNESS TEMPERATURES

0 DEG LOOK ANGLE

40 DEG LOOK ANGLE

HORIZONTAL VERTICAL HORIZONTAL VERTICAL
DATE SITE POLARIZATION POLARIZATION POLARIZATION POLARIZATION
DEG K
50178 C3 275.2 274.4 275.6 279.7
50178 C4 276.3 277.0 - -
50178 C5C6 288.2 286.9 290.4 291.3
50178 F1 285.1 283.7 286.8 289.2
50178 RG83 279.4 278.0 278.2 282.6
50178 RG88 278.7 277.7 - -
50178 R5 289.9 289.4 291.4 291.9
50178 R6 287.6 288.2 288.4 290.4
50178 R7 280.3 278.2 283.6 287.3
50178 R8 279.4 278.7 282.1 286.3
50178 X3 301.9 301.6 296.6 299.1
50178 T™X 4 300.2 301.8 303.7 305.7
51278 C3 285.8 295.6 284.7 290.9
51278 C4 283.2 281.8 - -
51278 C5C6 289.5 288.8 292.8 293.7
51278 F1 291.6 291.1 293.5 293.8
51278 F2 294.0 292.5 294.8 295.5
51278 RG83 286.8 287.0 - -
51278 RG88 290.6 290.4 - -
51278 R5 295.9 293.8 296.4 296.3
51278 R6 292.7 292.3 294.8 295.1
51278 R7 291.2 291.1 - -
51278 R8 290.8 292.1 292.0 294.9
51278 X3 298.3 298.3 298.1 302.4
51278 T™X 4 303.9 302.7 304.8 305.2
51278 TX 8 299.2 298.3 296.7 300.2
51278 X9 299.4 299.2 300.0 301.1
51278 TX 10 296.3 295.7 300.7 300.2
51278 TX 11 297.8 295.8 300.6 301.8
51278 TX 12 304.6 303.3 307.0 307.2
51278 TX 13 303.0 302.2 302.7 305.1
51278 TX 15 304.0 303.5 304.8 306.3
53078 C3 - - - -
53078 C4 - - - -
53078 C5C6 293.1 292.5 295.6 303.3
53078 F1 297.0 295.9 297.6 297.3
53078 F2 298.1 296.9 298.9 299.2
53078 RG83 289.5 289.0 - -
53078 RG88 294.7 294.4 - -
53078 R5 298.1 298.0 300.3 301.5
53078 R6 296.4 295.8 298.7 302.2
53078 R7 293.2 293.0 297.9 301.3
53078 R8 291.9 291.6 294.3 297.8
53078 X3 299.1 298.7 297.1 300.0
53078 T™X 4 308.6 308.1 311.6 309.8
53078 TX 8 297.6 296.7 292.7 294.6
53078 X9 309.7 309.6 311.6 312.9
53078 TX 10 301.6 299.7 303.9 303.4
53078 TX 11 295.4 294.8 290.5 293.5
53078 TX 12 304.0 302.7 307.5 308.8
53078 TX 13 310.1 308.3 311.7 313.1
53078 TX 15 310.2 310.8 311.3 311.9




Table 21.-- K band radiometer data

BRIGHTNESS TEMPERATURE

0 DEG LOOK ANGLE

40 DEG LOOK ANGLE

DATE SITE HORIZONTAL VERTICAL HORIZONTAL VERTICAL
POLARIZATION POLARIZATION POLARIZATION POLARIZATION
DEG K

50178 C3 272.6 274.2 273.0 280.0
50178 C4 275.2 277.7 - -
50178 C5C6 287.2 288.7 288.4 292.2
50178 F1 282.4 283.8 285.0 287.6
50178 RG83 276.3 276.9 272.6 282.4
50178 RG88 276.6 277.2 - -
50178 R5 286.6 288.3 286.6 292.0
50178 R6 283.6 285.3 282.3 289.3
50178 R7 274.6 276.2 278.7 286.9
50178 R8 273.6 275.5 276.9 286.0
50178 X3 299.9 300.9 296.1 298.0
50178 T™X 4 298.5 301.9 301.6 305.5
51278 C3 284.7 285.5 283.4 291.1
51278 C4 280.0 282.8 - -
51278 C5C6 288.5 290.2 290.6 295.0
51278 F1 289.8 291.8 291.1 294.1
51278 F2 291.5 293.0 293.7 296.1
51278 RG83 287.8 289.2 - -
51278 RG88 289.6 290.2 - -
51278 R5 294.7 295.7 294.3 296.6
51278 R6 292.0 293.9 292.1 295.4
51278 R7 289.9 292.2 - -
51278 R8 290.5 292.4 290.3 295.5
51278 X3 297.0 297.1 294.9 302.3
51278 T™X 4 300.6 301.9 301.9 305.1
51278 TX 8 296.1 297.3 292.9 300.9
51278 X9 297.2 299.6 296.9 301.5
51278 TX 10 295.6 297.6 298.1 301.3
51278 TX 11 296.7 298.2 297.8 304.5
51278 TX 12 301.7 303.8 304.7 307.0
51278 TX 13 300.3 302.5 299.3 305.6
51278 TX 15 300.9 303.0 301.1 306.2
53078 C3 - - - -
53078 C4 - - - -
53078 C5C6 289.0 289.6 288.0 295.8
53078 F1 291.7 292.9 293.0 294.7
53078 F2 291.6 292.8 293.0 295.3
53078 RG83 282.8 282.4 - -
53078 RG88 289.0 289.6 - -
53078 R5 290.9 292.8 293.3 296.8
53078 R6 288.0 288.7 292.6 298.1
53078 R7 286.2 287.6 289.8 296.9
53078 R8 283.8 285.5 285.5 294.7
53078 X3 295.3 296.5 293.5 299.6
53078 ™X 4 301.6 304.0 305.3 307.7
53078 TX 8 294.2 295.4 290.1 295.1
53078 X9 303.9 305.9 304.4 309.2
53078 TX 10 297.1 299.3 298.3 301.0
53078 TX11 293.8 295.1 287.9 294.4
53078 TX12 298.7 300.6 300.6 306.1
53078 TX13 304.7 304.6 304.6 309.5
53078 TX 15 304.1 306.4 304.6 309.7




Table 22.--Ku band radiometer data

0 DEG LOOK ANGLE

BRIGHTNESS TEMPERATURE

40 DEG LOOK ANGLE

DATE SITE HORIZONTAL VERTICAL HORIZONTAL VERTICAL
POLARIZATION POLARIZATION POLARIZATION POLARIZATION
DEG K

50178 C3 261.5 262.3 263.2 272.0
50178 C4 264.5 265.3 - -
50178 C5C6 279.2 280.0 282.6 286.7
50178 F1 275.0 276.6 280.2 284.4
50178 RG83 265.4 265.6 261.5 273.1
50178 RG88 263.6 264.2 - -
50178 R5 276.6 277.6 280.4 285.8
50178 R6 272.8 273.8 273.6 282.7
50178 R7 262.3 263.4 267.5 279.1
50178 R8 261.2 262.2 265.5 277.4
50178 X3 291.7 293.8 289.8 293.3
50178 T™X 4 291.6 295.4 295.0 298.4
51278 C3 275.0 275.5 275.9 285.3
51278 C4 272.9 273.4 - -
51278 C5C6 281.4 282.0 286.3 289.8
51278 F1 283.1 283.4 286.3 289.6
51278 F2 284.8 284.6 289.0 291.1
51278 RG83 277.6 278.3 - -
51278 RG88 279.7 281.1 - -
51278 R5 285.3 285.9 288.4 291.6
51278 R6 282.8 282.3 287.9 290.8
51278 R7 282.0 282.2 - -
51278 R8 282.4 283.1 284.1 290.7
51278 X3 285.6 285.8 286.7 295.3
51278 T™X 4 290.5 291.8 294.4 299.1
51278 TX 8 285.8 285.7 285.1 293.7
51278 X9 288.5 289.6 290.7 296.3
51278 TX 10 287.8 288.4 293.1 296.3
51278 TX 11 287.5 288.9 291.0 297.6
51278 TX 12 294.8 294.5 299.5 301.9
51278 TX 13 292.1 292.5 292.9 298.3
51278 TX 15 293.2 292.9 295.0 300.6
53078 C3 - - - -
53078 C4 - - - -
53078 C5C6 - - - -
53078 F1 - - - -
53078 F2 - - - -
53078 RG83 - - - -
53078 RG88 - - - -
53078 R5 - - - -
53078 R6 - - - -
53078 R7 - - - -
53078 R8 - - - -
53078 X3 - - - -
53078 ™X 4 - - - -
53078 TX 8 - - - -
53078 X9 - - - -
53078 TX 10 - - - -
53078 TX11 - - - -
53078 TX12 - - - -
53078 TX13 - - - -
53078 TX 15 - - - -




C and L band radiometers

These systens were nounted in the nose of the aircraft. Each was used
at 0° and 40° forward | ook angl es. The system geonetry at the 40° angle is
shown in figure 7, B

Data preparation procedures are sinmlar to those described for the K
band system Equation 1 is used to determne S and equation 2 is used to
estimate DT as was done for the 40° K band data. However, in this case, the
time correction is subtracted fromthe NERDAS determ ned zero degrees start
and stop times since the sensor covers the spot before the plane does.

Typical values for S and Drare listed in table 19 and data are
prepared in the sane manner as described for the K bands. C and L band
site averages and variances are listed in tables 23 and 24.

Passive microwave Imaging system

As shown in figure 8, A, the passive nicrowave imagi ng system (PMYS)
sensor points out of the back of the aircraft at an angle of approximtely
49.2°. The sensor scans 33.2° on each side of the aircraft nmoving fromleft
to right. Data are recorded for overlapping spots as (figure 8, B). To
define the factors illustrated in figure 8, A and B, geonetric
rel ati onshi ps can be used. Table 25 also lists sone typical values for
these factors.

Time Correction.--The di stance between the plane and the sensor beam
position (S) can be used in conjunction with the ground speed of the
aircraft (G to conmpute the tine which el apsed between the tinme the pl ane
passed over a ground location and the time at which the scanner beamdid
(DT). Equation 2 is used for this conputation.

A photo center can be located on a PM S printout by adding DT to the
NERDAS time of the photo center. For exanple, suppose that photo frame 140
of the Iine described on the NERDAS |ist shown in table 15 was invol ved.
Fromthis printout the value of His approximately 1,020 ft (311 m) and G
is approximately 151 knots (280 kph) After conversion to netric and using
the typical values illustrated in table 25, the value DT is approximtely
4.6 second. This is added to the photo center tine of 18:54:15.5 to obtain
t he sensor coverage tine of 18:54:20.1.

To |l ocate an experinental site, the procedure for identifying the start
and stop times followed for zero degrees is used. Then, the H and G val ues
of the relevant photos are used to determne DT and to correct the start
and stop tinmes.



Table 23.--C band radiometer data

BRIGHTNESS TEMPERATURE

0 DEG LOOK ANGLE

40 DEG LOOK ANGLE

DATE SITE HORIZONTAL VERTICAL HORIZONTAL VERTICAL
POLARIZATION POLARIZATION POLARIZATION POLARIZATION
DEG K

50178 C3 258.5 261.6 248.6 256.9
50178 C4 264.0 264.9 253.5 261.5
50178 C5C6 275.0 275.3 263.3 267.5
50178 F1 278.4 282.0 - -
50178 RG83 256.9 259.1 228.3 246.5
50178 RG88 - - - -
50178 R5 261.2 261.3 243.0 258.4
50178 R6 250.8 252.2 236.3 253.8
50178 R7 240.2 244.3 227.2 250.5
50178 R8 240.4 244.8 228.5 248.6
50178 X3 - - 279.8 284.2
50178 ™X 4 - - 283.0 283.8
51278 C3 277.7 280.5 268.9 272.7
51278 C4 276.1 273.7 263.4 271.6
51278 C5C6 280.9 281.6 272.4 274.5
51278 F1 281.7 285.3 271.3 275.8
51278 F2 282.1 285.2 273.2 278.2
51278 RG83 276.8 278.0 - -
51278 RG88 275.0 277.6 - -
51278 R5 281.7 284.4 - -
51278 R6 276.8 280.1 268.4 274.5
51278 R7 279.1 282.7 - -
51278 R8 280.8 283.0 269.2 277.3
51278 X3 293.5 291.4 278.5 285.1
51278 ™X 4 290.9 294.7 281.4 285.3
51278 TX 8 291.2 294.0 276.9 281.2
51278 X9 282.3 286.1 270.6 279.5
51278 TX 10 284.9 287.6 278.5 280.1
51278 TX 11 293.1 297.5 285.8 287.2
51278 TX 12 292.0 295.1 280.1 285.5
51278 TX 13 290.8 297.4 283.6 286.9
51278 TX 15 291.2 294.3 278.8 285.8
53078 C3 - - - -
53078 C4 - - - -
53078 C5C6 254.8 250.9 240.9 260.1
53078 F1 275.1 279.3 268.1 275.4
53078 F2 276.5 278.6 268.6 275.7
53078 RG83 - - - -
53078 RG88 - - - -
53078 R5 258.5 261.9 246.8 265.4
53078 R6 249.1 252.5 238.3 259.8
53078 R7 257.4 262.7 238.9 262.9
53078 R8 251.5 255.3 239.9 259.2
53078 X3 294.3 297.1 281.8 285.8
53078 ™X 4 298.3 302.3 288.0 290.4
53078 TX 8 292.3 294.8 283.4 284.9
53078 X9 299.0 301.7 287.2 290.4
53078 TX 10 295.2 297.6 284.8 281.9
53078 TX11 293.9 296.4 282.3 283.2
53078 TX12 294.6 298.2 282.2 285.8
53078 TX13 296.4 298.4 282.5 289.1
53078 TX 15 297.4 301.0 283.1 288.6




Table 24.-- L band radiometer data, horizontal polarization

BRIGHTNESS TEMPERATURES

DATE SITE O DEG LOOK ANGLE 40 DEG LOOK ANGLE
DEG K

50178 C3 250.9 224.3
50178 Cc4 250.3 221.3
50178 C5C6 250.0 2214
50178 F1 252.1 227.7
50178 RG83 226.6 201.8
50178 RG88 229.9

50178 RS 234.9 201.4
50178 R6 226.3 192.4
50178 R7 226.8 198.9
50178 R8 237.0 -
50178 X3 279.7 250.0
50178 X4 - -
51278 C3 2715 243.6
51278 Cc4 271.9 2354
5127B C5C6 262.2 230.5
51278 F1 250.7 214.8
51278 F2 250.6 2214
51278 RG83 256.4 -
51278 RG88 248.7 -
51278 RS 248.5 212.2
51278 R6 245.6 210.6
51278 R7 257.4 -
5127B R8 - 227.8
51278 X3 277.0 241.9
51278 X4 265.5 226.0
51278 TX 8 256.6 220.3
51278 X9 245.0 208.6
51278 TX10 259.8 236.2
51278 TX11 264.8 233.8
51278 TX12 255.8 220.8
51278 TX13 257.3 228.1
51278 TX15 260.8 227.0
53078 C3 -
53078 Cc4 - -
53078 C5C6 229.2 189.7
53078 F1 231.0 202.2
53077? F2 235.2 208.6
53078 RG83 236.4

53078 RG88 223.3 -
53078 RS 222.1 192.0
53078 R6 224.1 -
53078 R7 226.0 198.2
53078 R8 233.5 205.4
53078 X3 289.5 258.4
53078 X4 283.3 252.6
53078 X8 292.1 265.1
53078 X9 288.0 255.2
53078 TX10 285.5 263.3
53078 TX11 294.4 265.6
53078 TX12 277.7 248.4
53078 TX13 278.0 247.7
53078 TX15 279.1 240.8
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Tabl e 25.--Ceonetric relationships and time corrections for PM S data

Alti- Georetric relationship !" Tinme corrections for ground speeds

t ude S W DS DW 224 kph 243 kph 261 kph 280 kph 299 kph
------------ M- -------------- Seconds ---------------
245 283 322 27 16 4.58 4.23 3.93 3.67 3.44
275 318 362 31 19 5.16 4.76 4.42 4.13 3.87
305 354 402 34 21 5.73 5.29 4.91 4.58 4.30
335 389 443 37 23 6. 30 5.82 5. 40 5.04 4.73
365 425 513 41 25 6. 88 6. 35 5. 89 5.50 5.16

Us=1.116 H, W= 1.319 H DS = 0.111 H DW= 0. 068 H,

Ceonetric correction.--PM S data can be used to generate an
al phanuneric character map by assigning different characters to brightness
tenperature intervals. However, in order to use the data for locating
fields or watersheds certain geonetric distortions nmust be corrected. In
the direction perpendicular to the flightline, one distortion is caused by
the data recorded on a conical beam (fig. 9), as a line consisting of 44
el ements that overlap. The true ground | ocations of a stationary aircraft
scan are illustrated in figure 9 as the solid line. To determ ne how far
any coni cal beam position center is displaced fromthe chord, the foll ow ng
equation is used:

DYS = S*cos (33.24 - 1.51*BP) - S*cosF (3)
= 1.16*H cos (33.24 -1.51*BP) -0.97*H

where BP is the beam position nunber and V is the ground speed in netrics
per second.

A second correction nmust be applied since a scan takes 1 second during
which tine the aircraft is in notion. After 1 second the plane would be in
a new beam position 44 with an equival ent swath shown as the dashed line in
figure 9. This correction is conputed straight from ground speed and beam
position time. By using the followi ng equation, the displacenent is
conput ed:

DYP = \* BP/ 44 (4)

The net displacenent along the flightline at a beam position J on scan |line
| is computed as follows:

Y (1,3) =Y (I,1) - DYS (1,J) + DYP (1,J) (5)
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Figure 9.--PMIS radiometer beam position locations.



As an exanple, for beamposition J = 44 at an altitude of H = 305 mand G = 224 kph
Y(,44)=Y(1,l1)-0+61=Y (Il) =61 (6)

Adj ustment for the overlap of beam positions across each scan line is
al so necessary to produce a useful character map. One adjustnment is the
determ ning of the center |ocation of each beam position and using this for
mappi ng. This can be done by dividing the swath wi dth by the nunber of beam
positions to determ ne the di stance between centers, DX. One half of the beam
positions fall on each side of the flightline. The procedure described above
can be applied to each data point to determine its approximate X and Y
coordi nates. At each point one would have brightness tenperature (BT(I,J),
and location Y(1,J) and X (1,J)).

The data in this corrected formcan be used to conpute the average PM S
response for a field by determning the stop and start tines as well as the
left and right extrene points and averagi ng the values within the boundaries.
However, in order to | ocate the boundaries a character map i s required.

Cont our mapping.--A printout can be generated fromthis raw data set by
using an internedi ate contour mapping program In these prograns, a square
grid point systemof specified density is generated by resanpling the
ori gi nal data.

These data can be printed by assigning characters to each grid point or a
| arger overlay grid can be used and all points within it averaged. This
latter procedure is useful for scaling.

A programwas witten in FORTRAN to performthe geonetric corrections on
the raw PM S data and to produce a new square grid of resanpled data, which
can be outputed as a contour map of brightness tenperatures.

The geometric corrections previously described include one for the arc
of the swath and two for plane novenent which are based upon beam position
altitude, and ground speed.

The PM'S data are input as an I, J matrix where | is the scan line and J
is the beam position. For each scanline the tine is also input to identify
the average altitude and ground speed. Ground speed and altitude are
determ ned fromthe NERDAS printout.

Fol | owi ng the procedure previously described for conputing DT,the
phot ocenter tinmes are corrected and the time, altitude, and ground speed for
each are recorded as a matrix for input. This set of photo centers should
cover the tine period for the entire PMS data set to be corrected.



Each PM'S scan line is assigned an altitude and ground speed by a |inear
i nterpol ati on between the values recorded at its two surroundi ng photo
centers and the elapsed tinme since the first. PMS observation time is TPM
(1) and the surroundi ng photo center pair tines are TPH (K) and TPH (K +
). Altitude pairs are ALT (K) and ALT (K + 1) and ground speed pairs are
@GS (K) and &GOS (K + 1). The cal culations for scanline altitude and ground
speed are:

H
and
G

ALT(K) +( ALT(K+1) - ALT(K)) *(TPM | ) - TPH(K) ) / ( TPH( K+1) - TPH( K) ) (7)

GDS( K) +( GDS( K+1) - GDS(K) ) *(TPM 1) - TPH(K) ) / ( TPH( K+1) - TPH( K) ) (8)

These val ues are used in conjunction with equations 4, 5, and 6 to conpute
the | ocation of each scan line beam position related to a 0,0 point.

Fol l owi ng the geonetric correction, the newgrid is generated and used
to produce a contour map. Values fromthe new grid can be stored for field
averagi ng once the boundaries are identified. The programis set up to
process tine sequential PMS data sets. An exanple of the output is shown
in figure 10.

Site averagi ng.--The geonetric correction and contour nmappi ng program
create a data file for each segment of the brightness tenperatures and
their |ocations corresponding to the contour maps. Site boundaries are
then defined fromthe printouts and i nput to an averagi ng program whi ch
conputes the mean and standard deviation for each site. Results obtained
for each site are listed in table 26.

Scatterometers

The output of the scatteronmeter is recorded by a M ncom wi deband
recorder that has a bandwi dth coverage fromDC to 20 KHz. Data are
recorded on a magnetic tape with 14 data channels and with a carrier
nmodul ati ng frequency of 108 KHz. The tine of data taking is recorded
t hrough standard tine code and NERDAS on two separated channels. In
addition to the tine informati on, NERDAS al so records the aircraft
navi gati on paraneters, such as altitude, air speed, ground speed, rol
pitch, and drift angles.

Due to the high cost of data processing only selected time franes were
processed. Backscattering coefficients for the test sites are presented in
table 27, 28 and 29 for the C, L, and P bands, respectively. Valves are
tabul ated for all avail able | ook angl es.

Several system problens were encountered during the m ssion which
greatly reduced the usable data fromthe scatteroneters.



Figure 10.

PMIS HRIGHTNESS TEMFERATURE MAP

CHICKASHAS OK UAY 150 LINE 1 RUN 3

56 111774
s7 17/

58 27777777 cscBNBANRROSR/
89 177777 o iRRENRANERSRNN./
LY
el
62
63

.
L T
66 111100 aet 411/
67 111101816117 127
68 WlIIII2I171777
IY2aiiiias il
70 1101177077777 177 087

7L YA RV yas 11414

72 4 4 1100t l/

/e
73 111111100107

76 secsfiBON.
17 41/ canne

78 17

88 /
89 Sasll

224L
7/
/
/7
4

7/
1424
77

90 11010777 17
/

91 11117177277
/

100 177 csacchiipapiin,
7720csBR BRBNCHAR .
»

104 assecnunn
105 sessnaganm
106 LAAAAad 11 1]

Brightness
temperature
interval Symbol

N NN
N BN O
O OO O
| T S
NN
[eo BN NN S N, )
O OO0
¥ o ™~

--Example of PMIS radiometer alphanumeric map, Chickasha,
Okla., flightline 1, May 30, 1978.



Table 26.--PMIS radiometer site averaged data

PMIS BRIGHTNESS TEMPERATURE

HORIZONTAL VERTICAL
POLARIZATION POLARIZATION
STANDARD STANDARD
DATE SITE MEAN DEVIATION MEAN DEVIATION
DEG K

50178 C3 262.0 6.0 270.2 5.6
50178 C4 265.5 6.6 274.9 10.9
50178 C5C6 287.6 3.1 284.1 6.6
50178 F1 285.1 2.4 284.2 3.0
50178 RG83 - - 286.3 2.6
50178 RG88 - - - -
50178 R5 276.4 7.0 277.2 5.6
50178 R6 267.3 54 281.1 54
50178 R7 254.0 6.3 275.1 4.7
50178 R8 260.5 8.4 277.2 4.0
50178 X3 - - - -
50178 X4 - - - -
51278 C3 273.9 5.6 284.5 3.1
51278 C4 268.3 5.3 285.2 7.8
51278 C5C6 286.6 3.4 288.9 3.6
51278 F1 288.3 3.0 288.1 3.2
51278 F2 289.3 2.2 289.1 25
51278 RG83 - - - -
51278 RG88 - - - -
51278 R5 289.7 2.6 289.5 2.7
51278 R6 288.1 2.2 289.5 2.6
51278 R7 - - - -
51278 R8 - - - -
51278 X3 - - - -
51278 X4 - - - -
51278 TX 8 - - - -
51278 X9 - - - -
51278 TX 10 - - - -
51278 T™X11 - - - -
51278 TX 12 - - - -
51278 TX 13 - - - -
51278 TX 15 - - - -
53078 C3 205.5 214 256.2 14.9
53078 C4 205.9 20.1 243.9 16.1
53078 C5C6 272.6 15.6 279.3 21.0
53078 F1 - - - -
53078 F2 - - - -
53078 RG83 - - - -
53078 RG88 - - - -
53078 R5 270.9 5.9 - -
53078 R6 271.0 5.2 - -
53078 R7 264.4 7.3 282.3 4.9
53078 R8 266.6 7.7 285.4 3.7
53078 X3 - - - -
53078 X4 - - - -
53078 TX 8 - - - -
53078 X9 - - - -
53078 TX 10 - - - -
53078 TX11 - - - -
53078 TX12 - - - -
53078 TX13 - - - -

53078 TX15 - - - -




Table 27.--C band scatterometer data

BACKSCATTERING COEFFICIENT

DEGREE OF LOOK ANGLE

DATE SITE 10 15 20 25 30 35 40 45 50
DB
50178  C3 - - - - - - . . . .
50178  C4 - - - - - - . . . .
50178  C5C6 - - - - - - - . . .
50178  F1 - - - - - - . . . .
50178  RG83 - - - - - - - . . .
50178  RG88 - - - - - - - . . .
50178 R5 - - - - - - . . . .
50178 R6 - - - - - - . . . .
50178  R7 - - - - - - . . . .
50178 RS - - - - - - . . . .
50178  TX 3 - - - - - - - . . .
50178  TX 4 - - - - - - - . . .
51278  C3 0.7 -6.2 -8.3 -10.7 -12.1 -14.1 -14.7 -16.3 -17.9 -19.5
51278  C4 4.1 55 -8.3 9.8 -11.4 -12.1 -14.5 -16.1 -17.9 -19.1
51278  C5C6 3.0 7.9 -10.3 -11.3 -12.2 -13.3 -13.8 -13.9 -15.6 -16.1
51278  F1 0.1 -6.4 -10.2 -13.0 -14.0 -15.4 -16.6 -18.1 -19.0 -20.1
51278  F2 -1.4 -8.6 -11.4 -12.7 -14.8 -16.5 -17.1 -17.7 -19.4 -19.8
51278  RG83 - - - - - - - . . -
51278  RG88 - - - - - - - . . .
51278 R5 0.9 -8.8 -13.4 -15.3 -16.3 -17.6 -17.4 -18.8 -19.0 -20.6
51278 R6 1.3 -6.4 -11.5 -14.0 -15.7 -17.9 -17.8 -18.8 -19.0 -20.2
51278  R7 2.0 7.3 9.9 -11.3 -13.6 -15.7 -16.6 -18.5 -19.1 21.7
51278 RS 0.1 7.7 -11.1 -13.2 -14.7 -15.7 -15.5 -15.8 -18.1 -19.0
51278  TX 3 - - - - - - - - . -
51278  TX 4 - - - - - - - . . .
51278  TX 8 - - - - - - - . . .
51278  TX9 - - - - - - - . . .
51278  TX 10 - - - - - - - . . .
51278  TX 11 - - - - - - - . . .
51278  TX 12 - - - - - - - . . .
51278  TX 13 - - - - - - - . . .
51278  TX 15 - - - - - - - . . .
53078 C3 5.6 5.8 -10.2 -14.3 -16.2 -19.0 -21.0 225 -23.8 -26.0
53078  C4 5.6 -4.3 -8.8 -12.5 -15.3 -17.3 -19.5 -20.9 -23.2 -23.6
53078  C5C6 6.7 0.4 2.9 5.4 71 -8.7 -10.7 -11.7 -11.7 -14.1
53078  F1 3.8 2.7 5.6 -8.1 9.7 -12.1 -12.3 -13.9 -16.1 -17.6
53078  F2 4.8 -1.8 5.0 -8.0 -10.1 -12.5 -14.2 -15.1 -17.2 -18.7
53078  RG83 - - - - - - - . . .
53078  RG88 - - - - - - - . . .
53078 R5 9.9 05 -6.2 95 -11.8 -13.8 -15.4 -15.5 -18.1 -18.8
53078 R6 8.0 0.6 55 -8.6 -10.9 -12.2 -14.1 -15.5 -17.5 -17.9
53078  R7 12.7 3.2 2.7 -6.0 -8.8 -12.0 -13.9 -14.4 -15.5 -16.3
53078 RS 9.1 1.8 -3.7 -6.6 -8.8 -11.1 -12.2 -14.3 -15.0 -17.1
53078  TX 3 - - - - - - - - - .
53078  TX 4 - - - - - - - . . .
53078 TX 8 - - - - - - - . . .
53078  TX9 - - - - - - - . . .
53078  TX 10 - - - - - - - . . .
53078  TX11 - - - - - - - . . .
53078  TX12 - - - - - - - . . .
53078  TX13 - - - - - - - . . .
53078 TX 15 - - - - - - - - - -




Table 28.--L band scatterometer data

BACKSCATTERING COEFFICIENT

DEGREE OF LOOK ANGLE

DATE SITE 10 15 20 25 30 35 40 45 50
DB

50178 C3 -5.4 -7.9 -8.5 -10.4 -13.6 -14.4 -15.7 -18.3 -20.3 -21.5
50178 C4 -2.9 -8.3 -6.8 -10.3 -11.6 -14.3 -14.2 -14.7 -17.2 -21.1
50178 C5C6 -7.4 -10.9 -13.3 -14.4 -14.2 -17.2 -18.7 -20.5 -21.3 -23.9
50178 F1 -0.4 -4.8 -7.5 -10.6 -14.9 -17.2 -18.8 -19.8 -22.3 -23.4
50178 RG83 - - - - - - - - - -
50178 RG88 - - - - - - - - - -
50178 R5 -1.2 -8.9 -13.2 -16.2 -18.5 -19.7 -20.7 -22.5 -24.4 -26.8
50178 R6 22.6 -5.2 -11.2 -15.2 -17.7 -19.4 -20.5 -22.5 -22.1 -23.5
50178 R7 67.8 -2.4 -7.0 -10.8 -14.0 -15.7 -17.9 -19.7 -22.9 -22.9
50178 R8 25 -5.1 -7.1 -10.5 -12.8 -14.0 -16.1 -15.3 -17.9 -20.1
50178 X3 - - - - - - - - - -
50178 X4 - - - - - - - - - -
51278 C3 -0.4 -3.0 -6.4 -10.7 -13.9 -16.6 -17.9 -20.8 -20.5 -23.4
51278 C4 0.3 -5.1 -9.4 -11.7 -14.5 -17.2 -18.4 -22.2 -21.6 -22.7
51278 C5C6 -2.4 -8.1 -11.0 -14.1 -16.7 -19.8 -21.1 -24.0 -24.6 -24.9
51278 F1 -1.6 -6.4 -9.9 -12.3 -15.1 -18.6 -19.6 -21.1 -23.1 -23.7
51278 F2 -0.9 -7.6 -7.9 -12.5 -16.4 -18.5 -21.0 -23.1 -24.8 -25.0
51278 RG83 - - - - - - - - - -
51278 RG88 - - - - - - - - - -
51278 R5 25 -4.3 -12.7 -16.0 -18.9 -21.2 -22.5 -25.4 -26.3 -26.9
51278 R6 4.0 -1.9 -1.7 -12.7 -17.7 -20.2 -22.7 -25.4 -26.2 -27.9
51278 R7 -3.6 -9.7 -11.6 -14.7 -17.7 -17.6 -21.1 -23.6 -24.7 -23.1
51278 R8 -3.4 -8.4 -11.6 -14.3 -17.3 -18.3 -19.4 -20.4 -21.7 -21.0
51278 X3 - - - - - - - - - -
51278 X4 - - - - - - - - - -
51278 TX 8 - - - - - - - - - -
51278 X9 - - - - - - - - - -
51278 TX 10 - - - - - - - - - -
51278 T™X11 - - - - - - - - - -
51278 TX 12 - - - - - - - - - -
51278 TX 13 - - - - - - - - - -
51278 TX 15 - - - - - - - - - -
53078 C3 -6.0 -13.8 -16.3 -19.8 -22.8 -24.7 -26.5 -28.0 -28.6 -28.9
53078 C4 -3.2 -10.5 -14.1 -18.3 -21.9 -22.0 -25.8 -28.5 -29.2 -30.5
53078 C5C6 -4.2 -11.1 -13.6 -15.5 -16.3 -17.8 -21.0 -22.7 -24.4 -26.0
53078 F1 3.1 -0.6 -4.0 -6.2 -10.1 -12.7 -16.9 -17.5 -19.5 -22.5
53078 F2 2.4 -1.3 -5.5 -7.4 -10.8 -13.2 -17.5 -20.1 -21.5 -23.5
53078 RG83 - - - - - - - - - -
53078 RG88 - - - - - - - - - -
53078 R5 4.0 -4.7 -9.7 -15.3 -17.8 -20.2 -22.0 -24.3 -25.4 -25.8
53078 R6 3.7 -6.0 -11.2 -14.7 -17.8 -19.1 -21.6 -22.4 -23.9 -23.8
53078 R7 324 -0.8 -6.8 -11.1 -13.2 -16.2 -17.8 -18.8 -20.8 -21.1
53078 R8 6.5 -1.4 -6.0 -10.4 -13.2 -15.3 -16.4 -17.6 -18.7 -19.2
53078 X3 - - - - - - - - - -
53078 X4 - - - - - - - - - -
53078 TX 8 - - - - - - - - - -
53078 X9 - - - - - - - - - -
53078 TX 10 - - - - - - - - - -
53078 TX11 - - - - - - - - - -
53078 TX12 - - - - - - - - - -
53078 TX13 - - - - - - - - - -
53078 TX15 - - - - - - - - - -




Table 29. -- P band scatterometer data

BACKSCATTERING COEFFICIENT

DEGREE OF LOOK ANGLE

DATE SITE 5 10 15 20 25 30 35 40 45 50
DB
50178  C3 -27.2 -35.7 -42.1 -42.0 -44.6 -43.1 -46.7 -43.5 -45.2 -42.8
50178  C4 -24.7 -32.0 -38.1 -39.2 -40.5 -39.7 -43.9 -38.7 -37.1 -45.0
50178  C5C6 -16.8 -35.1 -40.4 -42.0 -45.7 -40.6 -44.6 -44.1 -42.4 -42.0
50178  F1 -11.0 -30.7 -34.7 -40.6 -42.2 -43.5 -44.3 -42.1 -40.6 -38.8
50178  RG83 - - - - - - - - - -
50178  RG88 - - - - - - - - - -
50178 R5 -31.3 -42.9 -47.4 -46.9 -49.8 -48.8 -47.0 -43.4 -44.5 -37.8
50178 R6 -26.3 -35.6 -45.8 -48.6 -51.4 -50.6 -47.8 -51.8 -44.0 -44.2
50178  R7 -23.6 -31.7 -43.9 -45.3 -45.0 -43.1 -43.7 -40.9 -41.6 -39.5
50178 RS -25.5 -33.9 -36.4 -34.7 -33.7 -33.3 -34.5 -35.6 -32.9 -32.5
50178  TX 3 - - - - - - - - - -
50178  TX 4 - - - - - - - - - -
51278  C3 -23.2 -33.0 -43.9 -45.3 -43.9 -41.9 -42.5 -41.1 -41.1 -39.1
51278  C4 -24.5 -34.7 -44.1 -47.2 -48.1 -43.3 -46.2 -42.7 -41.3 -37.7
51278  C5C6 -22.9 -38.6 -46.6 -49.2 -48.2 -49.4 -50.9 -50.8 -50.5 -47.8
51278  F1 -30.3 -42.5 -42.2 -47.3 -47.6 -48.8 -50.7 -47.8 -47.5 -48.1
51278  F2 -22.3 -37.6 -46.7 -47.1 -46.0 -46.9 -46.5 -43.2 -39.1 -37.4
51278  RG83 - - - - - - - - - -
51278  RG88 - - - - - - - - - -
51278 R5 -20.8 -34.4 -41.5 -45.1 -46.4 -45.8 -47.7 -47.1 -44.1 -45.6
51278 R6 -26.6 -37.7 -49.8 -47.5 -50.7 -49.0 -51.3 -50.1 -49.8 -46.2
51278  R7 - - - - - - - - - -
51278 RS -21.6 -30.5 -34.6 -35.1 -35.9 -35.9 -35.7 -34.2 -33.2 -34.3
51278  TX 3 - - - - - - - - - -
51278  TX 4 - - - - - - - - - -
51278  TX 8 - - - - - - - - - -
51278  TX9 - - - - - - - - - -
51278  TX 10 - - - - - - - - - -
51278  TX 11 - - - - - - - - - -
51278  TX 12 - - - - - - - - - -
51278  TX 13 - - - - - - - - - -
51278  TX 15 - - - - - - - - - -
53078 C3 -24.8 -31.7 -37.7 -38.4 -39.2 -39.6 -39.4 -37.8 -38.5 -35.1
53078 C4 -23.4 -29.9 -38.2 -38.9 -46.5 -40.9 -41.6 -43.7 -40.3 -40.9
53078  C5C6 -14.1 -31.6 -41.2 -44.3 -44.4 -40.3 -42.9 -46.4 43.9 -39.0
53078  F1 -11.5 -28.5 -34.9 -40.7 -43.3 -43.6 -44.7 -43.2 -43.0 -42.1
53078  F2 -12.6 -30.6 -33.4 -34.9 -36.7 -38.5 -40.2 -41.0 413 -40.0
53078  RG83 - - - - - - - - - -
53078  RG88 - - - - - - - - - -
53078 R5 -28.2 -41.7 -44.5 -48.0 -48.8 -44.6 -46.5 -44.9 -43.4 -45.7
53078 R6 -28.9 -375 -45.1 -50.0 -48.1 -46.7 -50.1 -45.9 -41.1 -42.7
53078  R7 -26.9 -34.5 -37.6 -41.0 -40.2 -39.1 -42.6 -40.7 -38.9 -36.4
53078 RS -27.6 -31.1 -39.7 -42.0 -40.4 -38.3 -40.2 -38.1 -36.5 -33.9
53078  TX 3 - - - - - - - - - -
53078  TX 4 - - - - - - - - - -
53078 TX 8 - - - - - - - - - -
53078  TX9 - - - - - - - - - -
53078  TX 10 - - - - - - - - - -
53078  TX11 - - - - - - - - - -
53078  TX12 - - - - - - - - - -
53078  TX13 - - - - - - - - - -
53078 TX 15 - - - - - - - - - -




SUMMARY

Experiments were desi gned and conducted to develop a data set for the
anal ysis of relationships between renpte sensing data and hydrol ogi c
vari abl es and paraneters. This particular series of experinents conducted
in Chi ckasha, Ckla., and Riesel, Tex., was successful. However, additiona
experiments are needed to cover a wider range of soil npisture conditions
within sem arid areas. The conditions encountered here were relatively wet
and a few sets of dryer condition observations are needed. In addition
experiments should be conducted within nmore humid climatic areas and areas
wi th sandy soils. These results of aircraft renote sensing of soil noisture
and hydrol ogi c paraneters are being published to aid researchers working in
rel ated areas.



APPENDIX

CHICKASHA, OKLA., SOILS MAPS, SAMPLING SITES
AND TOPOGRAPHY
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Figure 16.--Watershed R5, Chickasha, Okla., sampling locations
on May 12 and 30, 1978.
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